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Japanese precious corals (JPCs) refer to Japanese red coral (Paracorallium 
japanicum), Japanese pink coral (Corallium elatius) and Japanese white coral 
(Corallium konojoi) are considered as ecologically as well as economically important 
natural resources of Japan, and are characterised by slow growth rates compared to 
other precious corals of other geographical locations. The study reveals that the trace 
elements in skeletons of precious corals are habitat-specific rather than species-specific. 
The Mg/Ca and Ba/Ca ratios in skeletons of precious corals, particularly, are the 
indicators of their habitats and environments. The study also show the spatial 
distribution of trace elements (S, P, Mg, and Sr) in the skeleton of P. japonicum. The 
distribution pattern of the trace elements, particularly Mg, S and P, illustrates linkage 
between the trace element distribution and the formation of growth bands in the coral 
skeleton.  
 
The petrographic method is a popular technique for estimating the age and 
growth rates of corals based on growth ring density in their axial skeleton. The organic 
matrix staining (OMS) method, a modified method of petrographic method, has been 
used for measuring age and growth rate of the Mediterranean red coral (Corallium 
rubrum) by staining the organic matrix in the calcite skeleton. Since the OMS method is 
based on the concentration of organic matrix in the coral skeleton, this method may not 
be suitable for coral species with low organic matrix. In the presnt study, growth 
characteristics and growth rates of three Japanese precious corals (Paracorallium 
japonicum, Corallium elatius and Corallium konojoi) were determined based on the 




VHX-1000 hereafter, without staining the organic matrix in the axial skeleton. 
Compared to the organic matrix-stained cross-sections (slabs), growth rings in unstained 
slabs of the Japanese red coral were more clearly visible through the VHX-1000. This 
may be due to the low concentration of organic matrix in the Japanese precious corals 
compared to the Mediterranean red coral. Growth rates of Japanese precious corals 
differ significantly depending on coral species, habitat and environmental conditions. 
Diametric and linear growth rates of the Japanese red coral (P. japonicum) were slower 
(0.20±0.08–0.27±0.01 and 2.22±0.82–6.66±5.52 mm yr-1, respectively) than the 
Japanese pink (C. elatius; 0.30±0.04 and 2.76±2.09 mm yr-1, respectively) and white (C. 
konojoi; 0.44±0.04 and 7.60±0.75 mm yr-1, respectively) corals. In addition, the 
diametric growth rate of the Japanese precious corals (P. japonicum) is slower 
(0.24±0.05-0.44±0.04 mm yr-1) than the Mediterranean red coral (C. rubrum; 
0.20-0.62±0.19 mm yr-1). 
 
Precious corals have been commercially exploited for many centuries all over 
the world. The skeletons of these corals consist of calcium carbonate, and have been 
used as amulets or gemstones since ancient times. Different Corallium species of 
Coralidae family (e.g., C. rubrum, C. elatus, C. konojoi, and P. japonicum) were 
collected from different locations of the Mediterranean Sea (off Italy) and Pacific Ocean 
(off Japan and off Midway Island), and trace elements in their skeletons were analyzed. 
Results show that trace element concentrations in the skeletons of Corallium spp. were 
attributable to their habitat and origin. In particular, Mg/Ca and Ba/Ca ratios in the 
skeletons of Corallium spp. from the Mediterranean Sea and Japanese and the Midway 




elements in the skeletons can be used as ecological indicator of the coral’s origin, and 
are expected to play an important part in the cultural study and sustainable management 
of precious corals. Findings of this study will also be of great relevance to the coral 
industry to authenticate and identify the habitat and origin of the corals. 
 
This study also investigated the distribution of magnesium (Mg), phosphorus 
(P), sulfur (S) and strontium (Sr) using micro X-ray fluorescence (µ-XRF), and the 
speciation of sulfur using X-ray absorption near edge spectroscopy (XANES) along the 
annual growth rings (AGRs) in the skeleton of Japanese red coral (Paracorallium 
japonicum). The Mg, P and S distribution in µ-XRF mapping images correspond to the 
dark and light bands along the AGRs in microscopic images of the coral skeleton. 
µ-XRF mapping data showed a strong positive correlation (r = 0.6) between P and S 
distribution in the coral skeleton. A contrasting distribution pattern of S and Mg along 
the axial skeleton of the coral indicates a weak negative correlation (r = -0.2) between 
these two elements. The distribution pattern of S, P and Mg in the axial skeleton of P. 
japonicum reveals linkage between the trace element distribution and the formation of 
dark/light bands along the AGRs. S and P were distributed in the organic matrix (OM) 
rich dark bands, while Mg was distributed in the light bands of the AGRs. XANES 
analysis showed that inorganic sulphate is the major species of S in the skeleton of P. 
japonicum with a ratio of 1:20 for organic and inorganic sulphate. 

